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Specification 
Claims 

1 . A microstrip antenna, characterized in that a ground conductor plate is interposed 
between a microstrip patch conductor and at least one planar microwave line, which opposes the 
above-mentioned microstrip patch conductor, via a dielectric substrate that is in contact with the 
above-mentioned microstrip patch conductor; and in that an annular slot is formed in the above- 
mentioned ground conductor plate so that it opposes the above-mentioned microstrip patch 
conductor and the above-mentioned planar microwave line. 

2. The microstrip antenna of Claim 1, characterized in that another dielectric substrate is 
interposed between the above-mentioned ground conductor plate and the above-mentioned 
planar microwave line. 

3. The microstrip antenna of Claim 2, characterized in that the above-mentioned planar 
microwave line consists of a signal transmission conductor and a ground conductor formed via 
said other dielectric substrate; and in that the above-mentioned signal transmission conductor is 
formed on the above-mentioned other dielectric substrate. 
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4. The microstrip antenna of Claim 1, 2, or 3, characterized in that the above-mentioned 
slot has the form of a circular annulus. 

5. The microstrip antenna of Claim 1 ? 2 ? or 3, characterized in that the above-mentioned 
planar microwave line is a microstrip line. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a microstrip antenna. 

Prior art 

Mobile satellite communication systems that carry out communication via a 
communication satellite between a mobile station installed in a mobile body such as an 
automobile and a fixed station have been proposed. As the antenna that is installed on the mobile 
body of such systems, a high-performance, high-functionality antenna that is small, lightweight, 
and thin, which can be operated at two different frequencies to enable transmission and reception 
while tracking the communication satellite and which can carry out wide-angle, high-speed beam 
scanning, is in demand. 

Figures 5(A), (B), and (C) show a circularly polarized microstrip antenna (hereinafter, 
called the first conventional example) disclosed in Japanese Patent Application No. Sho 
63[1988]-259946 that is applied to such a mobile satellite communication system. 

In Figures 5(A), (B), and (C), a ground conductor plate 52, in which a cross-shaped slot 
53 consisting of two slots 53a and 53b orthogonal to each other has been formed in the central 
part, is placed on the surface of a square dielectric substrate 50. On the rear surface of the 
dielectric substrate 50, a microstrip conductor 51 is formed so that it is passes through a point 
opposite the point of intersection O of the above-mentioned cross-shaped slot 53, extends beyond 
the above-mentioned point of intersection O by the length S 0 , and intersects each slot 53a and 
53b of the cross-shaped slot 53 at a 45° angle. In addition, a dielectric substrate 54 is placed on 
the surface of the above-mentioned ground conductor plate 52, and a disk-shaped microstrip 
patch conductor 55 having the point of intersection of the cross-shaped slot 53 as the center is 
formed in the central part of the surface of the above-mentioned dielectric substrate 54 so that it 
is opposite the above-mentioned microstrip conductor 51 and the cross-shaped slot 53. 

In the microstrip antenna of the first conventional example with the above-mentioned 
constitution, the microstrip conductor 51 and the ground conductor plate 52 formed via the 
dielectric substrate 50 constitute a microstrip line 60. When a microwave signal is input to the 
microstrip line 60 and the microstrip patch conductor 55 is excited via the cross-shaped slot 53, 
the first slot 53a formed in the ground conductor plate 52 and the microstrip patch conductor 55 
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act as first linearly polarized microstrip antenna, and the other slot 53b formed in the ground 
conductor plate 52 and the microstrip patch conductor 55 act as a second linearly polarized 
microstrip antenna. 

Here, if the length lj of the slot 53a and the length h of the slot 53b are different, the 
resonance frequencies of the first linearly polarized microstrip antenna and the second linearly 
polarized microstrip antenna will be different, so that the microstrip antenna has two resonance 
frequencies. Therefore, such a microstrip antenna can be used as a linearly polarized antenna 
with two resonance frequencies. 

In addition, when said microstrip antenna is excited by a microwave signal approximately 
at the mean of the respective resonance frequencies of the above-mentioned first and second 
linearly polarized microstrip antennas so that the phase shift between the excitation currents of 
the above-mentioned first and second microstrip antennas is 90°, the electromagnetic linearly 
polarized waves that respectively radiate from the first and second linearly polarized microstrip 
antennas are spatially synthesized and radiate into space as circularly polarized electromagnetic 
waves. Therefore, said microstrip antenna can be used as a circularly polarized antenna. 

Figures 6(A), (B), and (C) show a linearly polarized microstrip antenna (hereinafter, 
called the second conventional example) that is applied to the above-mentioned mobile satellite 
communication system. 

In Figures 6(A), (B), and (C), a ground conductor plate 72, in which a strip-shaped slot 
73 has been formed in the central part, is placed on the surface of a square dielectric substrate 70. 
On the rear surface of the dielectric substrate 70, a microstrip conductor 71 is formed so that it is 
orthogonal to the above-mentioned slot 73 and extends beyond the center O of the slot 73 by the 
length So- In addition, a dielectric substrate 74 is placed on the surface of the above-mentioned 
ground conductor plate 72, and a circuit microstrip patch conductor 75, the center O of which 
coincides with the center of the dielectric substrate 74 placed on the surface of the above- 
mentioned dielectric substrate 74 so that it is opposite the above-mentioned microstrip conductor 
71 and the cross-shaped slot 73. Also, a dielectric substrate 76 is placed with a separation of 
prescribed length d above the aforementioned microstrip patch conductor 75, and the above- 
mentioned dielectric substrates 70, 74, and 76 are held in place with fixers (not shown in the 
figure) formed from an electrically insulating material. A disk-shaped microstrip patch conductor 
77 of prescribed diameter is placed over the surface of the above-mentioned dielectric substrate 
76 so that it is co-axial with the above-mentioned microstrip patch conductor 75. 

In the microstrip antenna of the second conventional example with the above-mentioned 
constitution, like the first conventional example, the microstrip conductor 71, the ground 
conductor plate 72, and the dielectric substrate 70 interposed thereby constitute a microstrip line 
80, and the above-mentioned two microstrip patch conductors 75 and 77 can be excited via the 
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slot 73 by inputting a microwave signal to the microstrip line 80. The two microstrip patch 
conductors 75 and 77 can be designed to be adjacent and resonate at two different frequencies. 
The coupling of the microstrip patch conductor 75 to the microstrip patch conductor 77 via a 
dielectric layer consisting of air and a dielectric substrate 76 makes it possible to realize a 
linearly polarized wide-band microstrip antenna. 

Problems to be solved by the invention 

However, in order to operate the microstrip antenna of the above-mentioned first 
conventional example as a circularly polarized microstrip antenna using two frequencies, it is 
necessary to install two independent microstrip antennas with different resonance frequencies in 
parallel, which increases the size of the antenna. 

In addition, although the linearly polarized microstrip antenna having a wide-band 
frequency characteristic of the second conventional example can be operated at two transmission 
and reception frequencies, in order to radiate circularly polarized electromagnetic waves by 
using the linearly polarized microstrip antennas, the two antennas must be respectively excited 
by microwave signals that are phase-shifted by 90°, so that each linearly polarized 
electromagnetic wave that is radiated from each linearly polarized antenna can be spatially 
synthesized. However, like the second [sic; first] conventional example, this increases the size of 
the microstrip antenna. 

The purpose of the present invention is to solve the above-mentioned problems and to 
provide a small, lightweight microstrip antenna that can be easily manufactured, compared with 
the conventional examples. 

Means to solve the problems 

The microstrip antenna of Claim 1 of the present invention is characterized in that a 
ground conductor plate is interposed between a microstrip patch conductor and at least one 
planar microwave line, which opposes the above-mentioned microstrip patch conductor, via a 
dielectric substrate that is in contact with the above-mentioned microstrip patch conductor; and 
in that an annular slot is formed in the above-mentioned ground conductor plate so that it 
opposes the above-mentioned microstrip patch conductor and the above-mentioned planar 
microwave line. 

In addition, the microstrip antenna of Claim 2 is characterized in that, in the microstrip 
antenna of Claim 1, another dielectric substrate is interposed between the above-mentioned 
ground conductor plate and the above-mentioned planar microwave line. 

Moreover, the microstrip antenna of Claim 3 is characterized in that, in the microstrip 
antenna of Claim 2, the above-mentioned planar microwave line consists of a signal transmission 
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conductor and a ground conductor formed via said other dielectric substrate; and in that the 
above-mentioned signal transmission conductor is formed on the above-mentioned other 
dielectric substrate. 

Furthermore, the microstrip antenna of Claim 4 is characterized in that, in the microstrip 
antenna of Claim 1, 2, or 3, the above-mentioned slot has the form of a circular annulus. 

In addition, the microstrip antenna of Claim 5 is characterized in that, in the microstrip 
antenna of Claim 1, 2, or 3, the above-mentioned planar microwave line is a microstrip line. 

Operation 

In the above-mentioned microstrip antenna of Claim 1, for example, one planar 
microwave line is installed, and a microwave signal is input to the planar microwave line, so that 
the above-mentioned microstrip patch conductor is excited via the annular slot formed in the 
above-mentioned dielectric conductor and the above-mentioned dielectric substrate. Linearly 
polarized electromagnetic waves of the above-mentioned input microwave signal are radiated in 
the direction perpendicular to the above-mentioned microstrip patch conductor from said 
microstrip antenna. 

In addition, for example, two planar microwave lines are installed, and microwave 
signals with a prescribed phase shift are respectively input to each planar microwave line, so that 
the above-mentioned microstrip patch conductor is excited via the annular slot formed in the 
above-mentioned ground conductor plate and the above-mentioned dielectric substrate. 
Circularly polarized electromagnetic waves of the above-mentioned input microwave signals are 
thereby radiated in the direction perpendicular to the above-mentioned microstrip patch 
conductor from said microstrip antenna. 

Since the microwave strip antenna with the above-mentioned constitution of Claim 1 has 
two resonance frequencies, a linearly polarized and circularly polarized microstrip antenna using 
two frequencies, which is small in scale and lightweight, can be easily manufactured, compared 
with the conventional examples. 

Moreover, in the microwave strip antenna with the above-mentioned constitution of 
Claim 2, for example, one planar microwave line is installed, and a microwave signal is input 
into the planar microwave line, so that the above-mentioned microstrip patch conductor is 
excited via the above-mentioned other dielectric substrate and the annular slot formed in the 
above-mentioned ground conductor plate. Linearly polarized electromagnetic waves of the 
above-mentioned input microwave signal are thereby radiated in the direction perpendicular to 
the above-mentioned microstrip patch conductor from said microstrip antenna. 

Furthermore, for example, two planar microwave lines are installed, and microwave 
signals with a prescribed phase shift are respectively input to each planar microwave line, so that 
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the above-mentioned microstrip patch conductor is excited via the above-mentioned other 
dielectric substrate, the annular slot formed in the above-mentioned ground conductor plate, and 
the above-mentioned dielectric substrate. Circularly polarized electromagnetic waves of the 
above-mentioned input microwave signal are thereby radiated in the direction perpendicular to 
the above-mentioned microstrip patch conductor from said microstrip antenna. 

Since the microwave strip antenna with the above-mentioned constitution of Claim 2 has 
two resonance frequencies, a linearly polarized and circularly polarized microstrip antenna using 
two frequencies, which is small in scale and lightweight, can be easily manufactured, compared 
with the conventional examples. 

In addition, according to the constitution of Claim 3, in the microstrip antenna of Claim 2, 
the above-mentioned signal transmission conductor of the above-mentioned planar microwave 
line is formed at the above-mentioned other dielectric substrate, so that the above-mentioned 
signal transmission conductor is interposed between the ground conductor of the above- 
mentioned planar microwave line and the above-mentioned ground conductor plate. Therefore, 
since electromagnetic microwaves that are transmitted to the above-mentioned signal 
transmission conductor are radiated only from the above-mentioned annular slot formed in the 
above-mentioned ground conductor plate and, unlike the conventional examples, can be 
prevented from leaking from the back of the microstrip antenna, the radiation efficiency of said 
microstrip antenna is raised, compared with the conventional examples, so that the gain of said 
microstrip antenna can be markedly improved. 

Moreover, in each of the above-mentioned microstrip antennas, the above-mentioned slot 
is preferably in the form of a circular annulus. 

Furthermore, in each of the above-mentioned microstrip antennas, the above-mentioned 
planar microwave line is preferably a microstrip line. 

Application examples 

Next, application examples of the present invention will be explained with reference to 
the figures. 

Application Example 1 

Figures 1(A), (B), and (C) show a circularly polarized microstrip antenna in a first 
application example of the present invention applicable to the above-mentioned mobile satellite 
communication system. 

This circularly polarized microstrip antenna is characterized in that a ground conductor 
plate 21 is interposed between a microstrip patch conductor 31 and two microstrip lines 41 and 
42, which oppose the above-mentioned microstrip patch conductor 31, via a dielectric substrate 
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30 and a dielectric substrate 20; and in that an annular slot 22 is formed in the above-mentioned 
ground conductor plate 21 so that it opposes the above-mentioned microstrip patch conductor 31 
and microstrip lines 41 and 42. 

In Figures 1(A), (B), and (C), two microstrip conductors 12 and 13 with a width Wl are 
arranged on the surface of a dielectric substrate 10 on the rear surface of which a ground 
conductor plate 1 1 has been arranged, so that the lengths of the conductors 12 and 13 form an 
angle of 90° but do not touch each other. Here, a microstrip line 41 is constituted by the 
microstrip conductor 12, the ground conductor plate 1 1, and the dielectric substrate 10 interposed 
thereby; the microstrip line 42 is constituted by the microstrip conductor 13, the ground 
conductor plate 1 1, and the dielectric substrate 10 interposed thereby. 

In addition, the dielectric substrate 20 is in contact with the entire surface of the dielectric 
substrate 10 on which the microstrip conductors 12 and 13 are arranged, and the ground 
conductor plate 2 1 is in contact with the entire surface of the above-mentioned dielectric 
substrate 10. Here, the annular slot 22, with center O, an outer radius of Rbj, an inner radius of 
Rb2, and a width Ws is formed in the central part of the ground conductor plate 2 1 . Also, as 
shown in Figure 1(B), the microstrip conductor 12 is formed so that it extends from the outer 
edge of the circular ring slot 22 toward the center O, with the length Si and the microstrip 
conductor 13 is formed so that extends from the outer edge of the circular ring slot 22 toward the 
center O with the length of S2. 

Furthermore, the dielectric substrate 30 is in contact with the entire surface of the 
aforementioned ground conductor plate 21, a disk-shaped microstrip patch conductor 55 with a 
radius Ra, which is greater than the outer radius of Rbi of the circular ring slot 22, is in contact 
with the central part of the surface of the above-mentioned dielectric substrate 30 so that it is 
coaxial with the circular ring slot 22, and the above-mentioned microstrip conductors 12 and 13 
oppose circular ring slot 22. 

In addition, in the microstrip antenna of the first application example with the 
aforementioned constitution, a triplet line is constituted by the dielectric substrate 30, ground 
conductor plate 21, dielectric substrate 20, microstrip conductors 12 and 13, dielectric substrate 
1 0, and ground conductor plate 1 1 . 

In the microstrip antenna of the first application example with the aforementioned 
constitution, the microstrip patch conductor 3 1 can be excited via the circular ring slot 22 formed 
in the ground conductor plate 2 1 by respectively inputting microwave signals to the microstrip 
lines 41 and 42. The microstrip line 41, circular ring slot 22, and microstrip path conductor 31 
act as a first linearly polarized microstrip antenna; the microstrip line 42, circular ring slot 22, 
and microstrip path conductor 3 1 act as a second linearly polarized microstrip antenna. 
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Thus, when the above-mentioned first and second linearly polarized microstrip antennas 
are excited by inputting microwave signals with a phase shift of 90° into microwave strip lines 
41 and 42, linearly polarized electromagnetic waves are radiated from each linearly polarized 
microstrip antenna, and are spatially synthesized as circularly polarized electromagnetic waves 
that are radiated into space in the width direction Dr of said antenna. The microstrip antenna 
shown in Figures 1(A), (B), and (C) can therefore be used as a circularly polarized microstrip 
antenna. 

Moreover, as is well known, changing each length Si and S2 of the microstrip conductors 
12 and 13, changes the reactance components of the antenna impedance at each resonance 
frequency of the above-mentioned first and second linearly polarized microstrip antennas. 
Therefore, the above-mentioned each length Si and S2 is set so that the characteristic impedance 
of the microstrip lines 4 1 and 42 is matched to the antenna impedance of each linearly polarized 
microstrip. 

In the aforementioned first application example, the radius Ra of the microstrip patch 
conductor 3 1 is greater than the outer radius Rbi of the circular ring slot 22; however, without 
being limited in this way, the radius Ra of the microstrip patch conductor is preferably set so that 
it is greater than at least the inner radius Rb 2 of the circular ring slot 22. 

The inventors formed the microstrip patch electrode 3 1 with a radius Ra of 34.26 mm on 
the dielectric substrate 30 with a thickness of 3.2 mm and a relative dielectric constant of 2.55. 
Two sheets of dielectric substrates 10 and 20 with a thickness of 1.6 mm and a relative dielectric 
constant of 2.55 were used, and the circular ring slot 22 with an outer radius Rbi of 35.75 mm 
and an inner radius Rb 2 of 34.25 mm was formed on the above-mentioned ground conductor 
plate 21. The width Wl of the microstrip conductors 12 and 13 was set so that its characteristic 
impedance was 50 f2, and the microstrip conductors 12 and 13 were formed so that the above- 
mentioned lengths Si and S2 were 3 1 mm, so that a microstrip antenna with the structure shown 
in Figures 1(A), (B), and (C) was manufactured. The microstrip antenna was tested as follows. 

A microwave signal with a frequency of 1-2 GHz was input to the end 12a at the 
substrate edge of the microstrip conductor 12 of said microstrip antenna, and the frequency 
characteristic of the input end reflection coefficient Sn at said end 12a was measured. As seen 
from the measurement results of Figure 3, the microstrip antenna had two resonance frequencies, 
fi = approximately 1.375 GHz and f 2 = approximately 1.55 GHz. 

In addition, the inventors input a microwave signal with a frequency of 1-2 GHz into the 
end 13a at the substrate edge of the microstrip conductor 13 of the microstrip antenna and 
measured the frequency characteristic of the input end reflection coefficient Sn at said end 13a. 
Measurement results similar to those of Figure 3 were obtained, thereby demonstrating that the 
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microstrip antenna of the first application example can be used as a circularly polarized 
microstrip antenna using two frequencies. 

In the microstrip antenna of the first application example, when a microwave signal is 
input into the microstrip lines 41 and 42, and the microstrip patch conductor 31 is excited via the 
circular ring slot 22, since the above-mentioned resonance frequencies fi and f2 of the microstrip 
antenna depend on various parameters, such as the radius Ra of the microstrip patch conductor 
31 that opposes the microstrip lines 41 and 42, the outer radius Rbi and the inner radius Rb2 of 
the circular ring slot 22 that is formed in the ground conductor plate 21, and the thicknesses of 
the dielectric substrates 20 and 30, the above-mentioned parameters can be set so that the above- 
mentioned resonance frequencies fi and f2 are adjacent, and a circularly polarized wide-band 
microstrip antenna or a single-frequency circularly polarized microstrip antenna can be realized. 

The inventors used the above-mentioned manufactured microstrip antenna as a linearly 
polarized wave antenna with a receiving antenna and a horn antenna as a transmitting antenna, 
arranged the two antennas opposite one another so that the antenna axes of the above-mentioned 
horn antenna and the above-mentioned microstrip antenna were aligned, radiated simulated 
circularly polarized electromagnetic waves toward the above-mentioned microstrip antenna from 
the above-mentioned horn antenna by rotating the above-mentioned horn antenna about its axis, 
tilted the above-mentioned microstrip antenna with respect to its axis, and measured the 
microwave signal that was output from the microstrip lines 41 and 42 of the above-mentioned 
microstrip antenna and the radiation pattern of the above-mentioned microstrip antenna. The 
frequency of the microwave signal that was input to the above-mentioned horn antenna was 
1.375 GHz. 

Figure 4 shows the measurement results of the above-mentioned radiation pattern. In 
Figure 4, the solid line radiates the maximum value and the broken line the minimum value of 
the incident power from the above-mentioned receiving microstrip antenna. The above- 
mentioned incident power is normalized assuming 0 dB incident power at an orientation angle of 
0° as the maximum radiating direction. As seen from Figure 4, in the above-mentioned 
fabricated circularly polarized wave microstrip antenna using two frequencies, the difference 
(axial ratio) between the maximum value and the minimum value of the incident power in the 
front direction, that is, the axial direction of the antenna, was about 1.5 dB, and at an orientation 
angle of within 60°, the axial ratio was 2 dB. 

The inventors used the above-mentioned fabricated microstrip antenna as a transmitting 
antenna and a horn antenna as a receiving antenna, arranged the two antennas opposite each 
other so that the antenna axes of the above-mentioned horn antenna and the above-mentioned 
microstrip antenna were aligned, radiated electromagnetic waves from the above-mentioned 
microstrip antenna, which were received by the horn antenna by rotating it about its axis, tilted 
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the above-mentioned microstrip antenna with respect to its axis, and measured the microwave 
signal that was output from the horn antenna as the receiving antenna and the radiation pattern of 
the above-mentioned microstrip antenna. In addition, the frequency of the microwave signal that 
was input to the above-mentioned horn antenna was L55 GHz. Measurement results obtained 
similar to those for the above-mentioned radiation pattern shown in Figure 4. 

As explained above, the ground conductor plate 21 is interposed between the microstrip 
patch conductor 31 arranged above the dielectric substrate 30 and the two microstrip lines 41 and 
42 that oppose the above-mentioned microstrip patch conductor 3 1 and that are arranged beneath 
the dielectric substrate 20; the annular slot 22 is formed in the above-mentioned ground 
conductor plate 21 so that it opposes the above-mentioned microstrip patch conductor 3 1 and 
microstrip lines 41 and 42. This arrangement makes it possible to precisely match the impedance 
at two different frequencies and to realize a circularly polarized wave microstrip antenna using 
two frequencies that is small scale and lightweight and that exhibits good circular polarization 
compared with conventional antennas. 

In the microstrip antenna of the first application example shown in Figures 1(A), (B), and 
(C), since the microstrip conductors 12 and 13 are interposed between the ground conductor 
plates 1 1 and 21, the microwave signal power, which is supplied to the microstrip conductors 12 
and 13, is radiated only from the annular slot 22, and the electromagnetic waves that are radiated 
from the microstrip lines 60 and 80 can be prevented from leaking from the rear of the dielectric 
substrates 50 and 70. The radiation efficiency of said microstrip antenna is thereby raised, 
compared with that of Conventional Examples 1 and 2, so that the gain of said microstrip 
antenna can be markedly improved. 

Application Example 2 

Figures 2(A), (B), and (C) show a circularly polarized wave microstrip antenna in a 
second application example of the present invention applicable to the above-mentioned mobile 
satellite communication system. In Figures 2(A), (B), and (C), parts similar to those of 
Figures 1(A), (B), and (C) have the same part numbers. 

The difference between this circularly polarized wave microstrip antenna and the 
circularly polarized wave microstrip antenna of the first application example is that microstrip 
lines 44 and 45, which include the dielectric substrate 10a, constituted by similarly forming the 
microstrip conductors 12 and 13 at positions symmetrical to their positions in the first application 
example on the dielectric substrate 10 on the rear surface of the dielectric substrate 10a, are used 
instead of the microstrip lines 41 and 42 consisting of the microstrip conductors 12 and 13 and 
the ground conductor plate 11, which are formed via the dielectric substrate 10 in the first 
application example, and the above-mentioned dielectric substrate 20. Here, the microstrip line 
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44 is constituted by the microstrip conductor 12, the ground conductor plate 21, and the 
dielectric substrate 10a, and the microstrip line 45 is constituted by the microstrip conductor 13, 
the ground conductor plate 21, and the dielectric substrate 10a. 

In other words, in the microstrip antenna of the second application example, the ground 
conductor plate 21 is interposed between the microstrip patch conductor 3 1 and two microstrip 
lines 44 and 45 that oppose the above-mentioned microstrip patch conductor 31 via the dielectric 
substrate 30 on which the above-mentioned microstrip patch conductor 3 1 is formed, and the 
annular slot 22 is formed in the above-mentioned ground conductor plate 21 so that it opposes 
the above-mentioned microstrip patch conductor 3 1 and microstrip lines 44 and 45. 

The microstrip antenna of the second application example with the above constitution, 
like the first application example, is operated as a circularly polarized wave microstrip antenna 
using two frequencies and, except for the above-mentioned improved gain effect, has actions and 
effects similar to those of the first application example. 

Other application examples 

In the above first and second application examples, microwave signals with a phase shift 
of 90° are respectively input into two microstrip lines 41 and 42 or 44 and 45, so that the above- 
mentioned microstrip antenna is used as a circularly polarized wave microstrip antenna. 
However, in the present invention, without being limited in this way, microwave signals with a 
resonance frequency of fi and f2 may be respectively input into each microstrip line 41 and 42 or 
44 and 45, so that the above-mentioned microstrip antenna may be used as a linearly polarized 
wave microstrip antenna for radiating linearly polarized electromagnetic waves at each 
frequency. 

In the above first and second application examples, two microstrip lines 41 and 42 or 44 
and 45 are formed. However, in the present invention, without being limited in this way, it is 
possible to form only one microstrip line, so that the above-mentioned microstrip antenna may 
be used as a linearly polarized microstrip antenna using two frequencies. 

In the above first and second application examples, two microstrip lines 41 and 42 or 44 
and 45 are formed on the dielectric substrates 10 and 10a; however, in the present invention, 
without being limited in this way, other types of planar microwave lines such as coplanar line, 
slot line, and suspended line may also be used. 

In the above first and second application examples, the microstrip patch conductor 3 1 has 
the shape of a disk; however, in the present invention, without being limited in this way, it may 
also have other shows, such as square or polygonal. 

In the above first and second application examples, the slot 22 that is formed in the 
ground conductor plate 21 has the form of a circular annulus; however, in the present invention, 
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without being limited in this way, it may also have other annular shapes, such as an elliptic 
annulus or a pentagonal annulus, etc. With the change in the shape of the above-mentioned slot 
22, the radiation pattern of said microstrip antenna can be changed, so that the desired radiation 
pattern can be set. 

Effect of the invention 

As described above in detail, according to the present invention as disclosed in Claim 1 
or 2, a ground conductor plate is interposed between a microstrip patch conductor and at least 
one planar microwave line that oppose the above-mentioned microstrip patch conductor via a 
dielectric substrate that is in contact with the above-mentioned microstrip patch conductor, and 
an annular slot is formed in the above-mentioned ground conductor plate so that it opposes the 
above-mentioned microstrip patch conductor and the above-mentioned planar microwave line, or 
another dielectric substrate is also interposed between the above-mentioned ground conductor 
plate and the above-mentioned planar microwave line. Since the microwave strip antenna with 
this constitution has two resonance frequencies, a linearly polarized and circularly polarized 
microstrip antenna using two frequencies, which is small and lightweight, can be easily 
manufactured, compared with the conventional examples. 

In addition, as disclosed in Claim 3, in the microstrip antenna of Claim 2, the above- 
mentioned signal transmission conductor of the above-mentioned planar microwave line is 
formed at the above-mentioned other dielectric substrate, so that the above-mentioned signal 
transmission conductor is interposed between the ground conductor of the above-mentioned 
planar microwave line and the above-mentioned ground conductor plate. Therefore, since 
microwaves that are transmitted to the above-mentioned signal transmission conductor are 
radiated only from the above-mentioned annular slot formed in the above-mentioned ground 
conductor plate and can be prevented from leaking from the rear surface of the microstrip 
antenna, the radiation efficiency of said microstrip antenna is raised, compared with the 
conventional examples, so that the gain of said microstrip antenna can be markedly improved. 

Brief description of the figures 

Figure 1(A) is a disassembled oblique view showing the microstrip antenna in a first 
application example of the present invention. 

Figure 1(B) is a plan view showing the microstrip antenna of Figure 1(A). 

Figure 1(C) is a vertical section along line A- A' in Figure 1(B). 

Figure 2(A) is a disassembled oblique view showing the microstrip antenna in a second 
application example of the present invention. 

Figure 2(B) is a plan view showing the microstrip antenna of Figure 2(A). 
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Figure 2(C) is a vertical section along line B-B* in Figure 2(B). 

Figure 3 shows the frequency response of an input end reflection coefficient Sn of the 
microstrip antenna of the first application example. 

Figure 4 is a graph showing the radiation pattern of the microstrip antenna of the first 
application example. 

Figure 5(A) is a disassembled oblique view showing a microstrip antenna in a first 
conventional application example. 

Figure 5(B) is a plan view showing the microstrip antenna of Figure 5(A). 

Figure 5(C) is a vertical section along line C-C in Figure 5(B). 

Figure 6(A) is a disassembled oblique view showing a microstrip antenna in a second 
conventional application example. 

Figure 6(B) is a plan view showing the microstrip antenna of Figure 6(A). 

Figure 6(C) is a vertical section along line D-D f in Figure 6(B). 



10, 10a, 20, 30 Dielectric substrates 

11,21 Ground conductor plates 

12, 13 Microstrip conductors 

22 Circular ring slot 

3 1 Microstrip patch conductor 

4 1 , 42, 44, 45 Microstrips 
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Key: A Input end reflection coefficient Sn (dB) 
B Frequency (GHz) 
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Figure 4 

Key: A Relative power (dB) 

B Radiation angle from the antenna axis (degree) 
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Figure 6B 
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